Anti-leukemic effect of 2-pyrone derivatives via MAPK and PI3 kinase pathways.
Substituted 2-pyrones are important structural sub-units present in a number of natural products having broad range of biological activity. However, little is known about the anti-cancer effect of 2-pyrone derivatives including leukemia. Therefore, this present study was undertaken to investigate the effect of 2-pyrone derivatives in human acute myeloid leukemia (AML). Among 23 synthesized derivatives, 5-bromo-3-(3-hydroxyprop-1-ynyl)-2H-pyran-2-one (code name; pyrone 9) showed the most potent antileukemic activity with 5 × 10(-6) M to 5 × 10(-5) M of IC(50) in various AML cell lines as well as primary leukemic blasts from AML patients, while normal peripheral blood mononuclear cells was not affected by pyrone 9. Flow cytometric analysis indicated that pyrone 9 induced the G1 and G2 phase dual arrest of the cell cycle in HL-60 cells. To address the mechanism of the antileukemic effect of pyrone 9, we examined the effect of pyrone 9 on cell cycle-related proteins in HL-60 cell. The levels of CDK2, CDK4, CDK6, CDK1, cyclin B1 and cyclin E were decreased; in contrast, cyclin A was not altered. In addition, pyrone 9 not only increased the p27 level but also enhanced its binding to with CDK2, CDK4 and CDK6 which resulted in the reduction of CDK2-, CDK4- and CDK6-associated kinase activities. Pyrone 9 also induced the apoptosis in HL-60 cells. The apoptotic process of HL-60 cells was associated with increased Bax, decreased Bcl-2 and activation of caspase-8, -9, -3 and PARP. Antileukemic effect of pyrone 9 was associated with activation of mitogen-activated protein kinase (MAPK) pathway, as evidenced by activation of p-ERK and p38 MAPK. In addition, pyrone 9 was influenced PI3 kinase pathway. Expressions of p-Akt (ser473), p-Raf, and p-PDK were down-regulated; in contrast, those of PTEN and p-PTEN were up-regulated. Furthermore, pyrone 9 suppressed NF-κB pathway signaling. To gain insights into the antileukemic activity of pyrone 9 in vivo, BALB/c mouse leukemic model was established using intraperitoneal inoculation of syngeneic WEHI-3BD(+) mouse leukemic cells. Pyrone 9 inhibited in vitro and in vivo the growth of WEHI-3BD(+) cells, and ultimately, prolonged the survival of pyrone 9-treated mice. These findings suggest that the pyrone 9 inhibits the cell proliferation of human AML cell line, HL-60, through MAPK and PI3 kinase pathway as well as induction of cell cycle arrest. In particular, pyrone 9 prolonged the survival of pyrone 9-treated leukemic mice.